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Overal | Fi ndings

Attention deficit hyperactivity disorder (ADHD) is one of
t he nost preval ent chil dhood disorders in the world, but
little is known about the global use and cost of

nmedi cations used to treat ADHD. Analysis of the I M5 Health

M DAS™ dat abase reveal ed that global utilization of ADHD
medi cations rose three-fold from 1993 t hrough 2003, whereas
gl obal expenditures ($2.4 billion U S. dollars in 2003)
rose nine-fold, adjusting for inflation. W also found that
per-capita gross donmestic product (GDP) robustly predicted
utilization for those aged 5-19 years across countries. W
present our data, regression nethods, and suppl enent al
tables in this appendi x.

A. Dat a
Sour ce

We use the I M5 Health M DAS™ dat abase to anal yze trends in
t he gl obal market for ADHD medi cations from 1993-2003. | M5
Heal th coll ects global drug information and receives data
fromnore than 29,000 data suppliers, covering 225,000 data
sites around the worl d.

Medi cati on Categori zations

We classify ADHD nedi cations as those in the ATC=N6B
Psychosti nul ants category, along with the non-anphetam ne-
i ke stinmulant nodafinil (Provigil™ Cephal on) and the non-
stimul ant atonoxetine HCL (Strattera™ Lilly). Each

medi cation (nane brand and generic) was classified into one
of four categories, along the dinensions of (a) stinulant
versus non-stimul ant medi cations and (b) |ong-acting
(formulations that remain active for at |east 8 hours)
versus short-acting (fewer than 8 hours). W further
classified stinulants by active pharnmacol ogi c agent:

nmet hyl pheni dat e, anphetam ne, or other stinulant. To

anal yze changes in nedication mx, we then generated a

t hree-1 evel categorization of (a) short-acting stinulants,
(b) long-acting nedications that received FDA approval
during the study period, and (c) other |ong-acting

nmedi cations. Exhibit A-1 shows the grouping for each ngjor
ADHD nedi cation using the categorization descri bed above.



Exhibit A-1: ADHD Medi cation Categorizations

Stimulants Non-stimulants

Methylphenidates Amphetamines Other Stimulants

Short-acting Ritalin dextroamphetamine

medications Methylin Dexedrine

(fewer than 8 hours) |methylphenidate Desoxyn
Ritalin SR mixed amphetamine salts
Methylin ER Adderall
Metadate ER
Focalin
Long-acting medications]Ritalin LA Dexedrine Spansule Modafinil atomoxetine
(8 hours or more) Metadate CD Adderall XR Provigil Strattera
Concerta pemoline
Cylert

Sour ce: The aut hors

Not e: Medi cations in blue represent those
categori zed as short-acting nedications.

Medi cations in red represent those categorized as
| ong-acti ng nmedi cati ons, which were approved by
the FDA after January 1993. Medications in green
represent other |ong-acting nedications.

Dose Measure

As a proxy for dose, IMs Health calibrated each product
forminto a common netric known as a standard unit (SU)

For exanpl e, one standard unit could be equivalent to a 5
ng tablet, 5 mM of a liquid, or one injectable vial.

Because this neasure does not equate nedicati ons across
active mlligranms or nol ecul es of the pharmacol ogi cal

agent, we further adjusted the raw SU to generate dosage
equi val ence between short-acting and | ong-acting

medi cations. G ven that |ong-acting nedications are
general ly used once a day whereas short-acting nedications
require dosing two to three tinmes a day, we weighted the SU
of long-acting nedications two-fold to correspond to the SU
of short-acting agents. W attenpted ot her weighting

met hods i n which individual nedications were wei ghted
differently. We found, however, that all of the weighting
nmet hods produce sim |l ar overall patterns, so we only
present the results of the weighting nethod descri bed
above.



Data Inclusion Criteria

In order to be as inclusive as possible, we include al
countries that received at least 1,000 SUin a given year
and were still receiving at least 1,000 SU in 2003, with no
nore than 2 consecutive years of use that involved fewer
than 1,000 SU. W do this to ensure that we capture as many
countries as possible in our analysis. W aggregate data
fromindividual countries fromthe year that they adopted
the use of these nedications into a global sumfor Exhibits
2, 4, and 5 (see main article).

Utilization

To conpare each country’s utilization, we used popul ation
data fromthe Wrld Bank and the U S. Census Bureau to
construct a per capita neasure. Because ADHD nedi cati ons
were largely prescribed to children and adol escents before
2004 (Medco Heal th Sol utions, “ADHD Medi cation Use G ow ng
Faster anong Adults than Children New Research,”
2005, ww. medco. com 1 Novenber 2005), our per capita
measure was defined as SU di vided by the popul ati on aged 5-
19 years in each country, each year. Note that we use the
ternms “usage” and “vol une” interchangeably throughout the
paper. In effect, we assunme that nedications that reach
the country are used within that year.

Expendi ture

In the expenditure analysis, U S. dollars were deflated to
2003 real dollars using the U S. Consuner Price |ndex
obtained fromthe U S. Departnent of Labor, Bureau of Labor
Statistics. Local currency was converted to U S. dollars
by I M5 Health using the purchasing power parity (PPP)

nmet hod. The PPP net hod consi ders a bundl e of goods and
calculates the price of this bundle in each country using

| ocal currency. The exchange rate between two currencies is
calculated as the ratio of these prices.



B. Regr essi on Met hods
Expl anati on of Regression Anal ysis

The purpose of our regression analysis was to estimate the
i ndependent effect of per capita GDP on the utilization
(measured as SU per child aged 5-19) of ADHD nedi cati ons.
Usi ng the panel structure of our data set, we estinmated
this effect with a fixed-effect nodel that controlled for
country-specific effects and tinme trends. Fixed-effects
estimation is a nethod of estimating paraneters froma
panel data set. The fixed-effects estimator is obtained by
conducting an ordinary | east squares regression on the
deviations fromthe nmeans of each unit and/or tinme period.
Thi s approach is rel evant when one expects that the

aver ages of the dependent variable (usage) will be
different for each cross-section unit (country) and/or each
time period, but the variance of the errors will not. The
equati ons bel ow show the specifications we tested. The
predi cted values from specification (3) were used in
Exhibit 3 (see main article). Exhibit B-1 shows regression
estimates for all three specifications.

(1) (Usage per child aged 5-19)i:= bo +
bi(GDP/ cap)it + &t ,

(2) (Usage per child aged 5-19);¢= by +
b,(GDP/ cap)i: + b, (Country);, + g¢ ,

(3) (Usage per child aged 5-19)i:= bo +
b,(GDP/ cap)it + b, (Country); + bs(Tine); + &+ ,

In the above specifications, i denotes country, t

denotes tinme, and g¢is the error term W used
all the observations fromthe CECD countries to
estimate the relationshi p above, but we only pl ot
observations for countries with over 1000 SU in
2003 in Exhibit 3.

The F statistic indicates that our overall nodel was
significant at 0.001 | evel. The R-squared shows that
specification (3) explains 42%of the variation in the
dependent vari abl e.

Using a |l og-log version of our final nodel, we find that a
1% change in per capita GDP leads to a 3.2% i ncrease in
utilization.



Exhibit B-1: Estinmated Coefficients for the Relationship
bet ween Gross Donestic Product per Capita and Uilization
of ADHD Medi cation per Child (aged 5-19)

Dependent Vari abl e:
SU per child aged 5-19 (CECD sanpl e only)
Speci fication Specification Specification

- (1) (2) (3)
Vari abl e Par anet er Par anet er Par anet er
Esti mat e Esti nat e Esti mat e
I nt ercept -3.673** -5.702** -5. 000**
(t-stat) (-4.78) (-9.04) (-2.96)
GDP/ cap in $1000 0. 302** 0. 396** 0. 385**
(t-stat) (6. 48) (13. 66) (6.10)
Country Fi xed
Effecty No Yes Yes
Ti me Fi xed
Ef f ect No No Yes
F- Test p<0. 005 p<0. 001 p<0. 001
R- Squar ed 0. 205 0.412 0. 422
Cbservati ons 294 294 294
**p < 0.005

Source: IMS Health, M5 M DAS™, 1993-2003

G owt h Rates

All gromh rate calculations in the paper and in this
appendi x were cal cul ated using a | east squares regression
nodel , I n(Xyear) = a + f x(year), where x is the variable of
interest (e.g., expenditures), and the average annual

growh rate in x is the followng: exp(f)-1. For nore
information on this nmethod, see

htt p: //web. wor | dbank. or g/ WBSI TE/ EXTERNAL/ DATASTATI STI CS/ 0, ,
cont ent MDK: 20452034~pagePK: 64133150~pi PK: 64133175~t heSi t ePK
: 239419, 00. ht i .




C. Suppl enental Tabl es

Gowth in Per Capita Utilization of ADHD Medi cations from
1993- 2003 for Devel oped and Devel opi ng Countries

To understand the differential use of ADHD nedications in
bot h devel oped and devel opi ng countries, we cal cul ated the
average annual growth rate of usage (SU per child aged 5-
19) since 1999. In this analysis, we only included
countries that had nore than 1,000 SU of use during 1999-
2003. Exhibit C- 1 shows devel oped countries per capita use
rate in 1999 and 2003 as well as the four-year annual
growh rate. Exhibit C- 2 shows these data for devel opi ng
countries.



Exhibit CG1: Gowh in ADHD Medication Utilization from
1999- 2003 for Devel oped Countri es*

SU per SU per
Child Child 4- Year
Aged 5-19 Aged 5-19 Annual
Country 1999 2003 G owth Rate
New Zeal and 6. 93 6. 60 -1. 8%
Czech Republic 0. 37 0. 40 0. 6%
Australia 13. 30 14. 60 2.3%
Sl oveni a 0. 27 0. 38 5.9%
Si ngapor e 0.21 0. 28 7.5%
United States 26. 80 38. 50 10. 0%
Canada 11. 40 17. 10 10. 7%
Uni ted Ki ngdom 2.76 4. 46 12. 3%
Bel gi um 3.82 6. 03 12. 3%
Mexi co 0.28 0.48 14. 0%
France 0.75 1.21 14. 5%
Japan 0.92 1. 66 15. 9%
Cer many 2.32 4. 60 17. 7%
Swi t zer | and 3.15 6. 69 17. 8%
| srael 1.39 2.99 18. 6%
Nor way 3. 40 8.12 23. 0%
Luxenbour g 3.19 7.58 23. 9%
Korea, South 0. 22 0. 57 26. 2%
Spai n 0.82 2.37 30. 0%
United Arab Enmirates 0. 02 0. 06 39. 7%
Austri a 0.24 0. 96 41. 2%
G eece 0.03 1.23 122. 8%
* Countries classified as high inconme by the
Worl d Bank.

Not es: Hong Kong data is not reported because we
di d not have separate age-specific popul ation
dat a.

For the United States in 2003, the CDC esti nated
that 4.3% of children aged 4-17 years had been

di agnosed with ADHD and were currently taking
nmedi cation for the disorder (Source:

http://ww. cdc. gov/ mmm / previ ew mmw ht M / rmb434a2
.htm). Using this estimate, we find that 895 SU
(38.5/0.043) were used per nedicated child per
year, which equals approximtely 2.5 SU per

nmedi cated child per day.



Exhibit CG2: Gowh in ADHD Medication Utilization from

1999- 2003 for

Devel opi ng Countri es**

SU per Child SU per Child 4- Year
Aged 5-19 Aged 5-19 Annual
Country 1999 2003 Gowth Rate
Ar genti na 0. 80 0. 54 -13. 0%
Paki st an 0. 03 0. 02 -10. 6%
Ecuador 0.12 0.10 -5.1%
Saudi Arabi a 0. 02 0. 03 2. 9%
Per u 0. 03 0. 04 3.1%
Ur uguay 0. 53 0. 54 3.6%
Chil e 0. 25 0. 38 7.3%
Venezuel a 0. 05 0. 07 7.6%
South Africa 0. 40 0.55 8. 7%
Mal aysi a 0.01 0.01 22. 3%
Thai | and 0. 03 0. 07 22. 6%
Dom ni can Republic 0. 02 0. 05 31. 2%
Br azi | 0.01 0. 19 95. 2%

** Countries classified as | ow or
by the World Bank.

m ddl e i ncone




Gowth in Expenditures on ADHD Medi cation in Devel oped and
Devel opi ng Countries

To understand the variation in expenditures of ADHD

medi cations in both devel oped and devel opi ng countries, we
estimated the average annual growth rate of expenditures.
Again, we only included countries that had nore than 1, 000
SU of use during 1999-2003. Exhibits CG3 and C-4 show the

| evel of expenditures for ADHD nedi cations in 1999 and 2003

as well as the four-year annual growh rate for devel oped
and devel opi ng countries, respectively.
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Exhibit C3: Gowh in ADHD Medi cati on Expenditures from
1999- 2003 for Devel oped Countri es*

1999 2003
Expendi ture Expenditure
(in (in 4- Year
t housands t housands Annual
Country 20039%) 20039%) Gowth Rate

Hong Kong 93 81 0.4%
New Zeal and 1, 458 1,618 4. 1%
France 10, 724 12,742 6. 0%
Australia 5, 659 7,948 6. 3%
Japan 1, 899 2,742 8. 2%
Sl oveni a 9 15 11. 1%
Czech Republic 60 99 13. 5%
Canada 10, 490 19, 058 13. 8%
Si ngapor e 58 105 15. 9%
Korea, South 380 1,048 25. 9%
Spai n 815 2,161 27. 1%
Cer many 8, 437 24,974 27. 5%
United Arab Emrates 1 4 29. 8%
Uni ted Ki ngdom 8,076 23, 952 30. 8%
Mexi co 1,790 6, 311 35. 5%
United States 632, 622 2,227,862 39. 5%
Switzerl and 443 2,096 40. 6%
Luxenbourg 54 242 42. 4%
Bel gi um 487 2,225 43. 4%
| srael 274 1,464 46. 8%
Austri a 95 619 53. 9%
Nor way 320 3, 238 71. 5%
G eece 47 1,831 121. 9%

* Countries classified as high inconme by the
Worl d Bank.

Not e: Al t hough Hong Kong’s 2003 expenditure is
bel ow its 1999 expenditure, the cal cul ated growh
rate is positive due to a high interim

expendi ture val ue.
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Exhibit C4: Gowh in ADHD Medi cati on Expenditures from

1999- 2003 for Devel opi ng Countries**

1999 2003
Expendi ture Expendi ture 4- Year
(in thousands (in thousands Annual
Country 20039%) 20039%) Gowh Rate
Ar gent i na 1,561 1,219 -12. 0%
Paki st an 109 80 -9.2%
Ur uguay 74 56 -4. 8%
Ecuador 74 61 -2.1%
Saudi Arabi a 12 14 2. 7%
Venezuel a 28 37 3.6%
Chile 417 590 5. 9%
Peru 48 90 13. 0%
South Africa 1, 609 3,778 19. 3%
Thai | and 59 165 21. 8%
Dom ni can Republic 34 75 24. 3%
Mal aysi a 19 57 32. 9%
Brazi | 119 1, 507 87.8%
** Countries classified as low or mddle incone

by the World Bank.
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Sanpl i ng of ADHD Medi cation Prices

In our analysis we found that the increase in expenditures

for ADHD nedication in the U S. narket,
expendi t ures,
i ncreases of these nedications.
prices of these nedications froma recent Consuner

nost of the gl obal

whi ch accounts for
was due nostly to price
We present a sanpling of
Reports

Best Buy Drugs in Exhibit C5. This exhibit shows a | arge

price differenti al
formul ati ons.

Exhi bit C-5: ADHD Medi cation Price Conparison

bet ween short -

and | ong-acting

Aver age

Mont hl'y
Generic Nanme and Dose Brand Nane | Generic | Price |Formul ation
Anphet ami ne m xture CD
capsul e 5 ng tabl et Adderal | XR No $124 Long
At onoxetine 10ng capsul e Strattera No $138 Long
Met hyl pheni date SR 18ng
t abl et Concerta No $109 Long
Amphet ani ne mixture 5 ng $80-
t abl et Adder al | No $160 Short
Anphet ami ne mixture 5 ng
t abl et Generic Yes $43- $86 Shor t
Dext r oanphet ani ne 5ng tabl et | Dexedrine No $18- $36 Shor t
Dext r oanphet ani ne 5ng t abl et Ceneric Yes $10- $20 Shor t
Met hyl pheni date 5ng tabl et Ritalin No $45 Shor t
Met hyl pheni date 5ng tabl et Generic Yes $25 Shor t

Those nedi cations with blue font
categorized as short-acting and those in red font
represent those categorized as | ong-acting

medi cati ons.

represent those

This follows our categorization in

Exhibit A-1. The listings above include only a

sanpl i ng of ADHD nedi cati ons.
prices reflect the U S.

Reports Best Buy Drugs,

NDC Heal t h (source:

nati onal

average retail
price for July 2005. Data adopted from Consuner

These average nonthly

whi ch anal yzed data from

http://ww. cr best buydr ugs. or g/ PDFs/ ADHDFi nal . pdf,

accessed 11 Decenber 2006).
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